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CHEHICAL PRESERVATION OF ALFALFA HAY 
Dan 0. Riddell 
Extension Dairy Specialist 
Kentucky farmers harvest about 3 million tons of hay annually. 
In order to minimize dry matter losses and quality deterioration, 
hay should be baled with about 20% moisture. Unfortunately, ade-
quate time required to field-dry hay to 20% moisture is often not 
available due to weather conditions. This is especially true for 
the first cutting of alfalfa in the spring. Many farmers are 
forced to choose between letting cut hay get rained on or baling 
hay wetter than is recommended. Hay baled with more than 20-25% 
moisture generally becomes moldy and undergoes a heating process 
which makes part of the protein unavailable to animals. At extreme 
levels of heating the digestibility of protein may be reduced as 
much as 75% and spontaneous combustion is a possibility. 
One alternative to baling hay wet is to let hay dry down to 
15-20% moisture before baling. As mentioned above, this poses a 
real problem to Kentucky farmers at certain times of the year. 
Even if not rained on, harvestable yield and quality of hay, especially 
alfalfa, is reduced as moisture content of hay drops below 20-25%. 
This is due to shattering of leaves during raking and baling. 
Therefore, baling alfalfa at greater than 20-25% moisture not only 
decreases the risk of rain damage but also increases the yield and 
quality of harvested hay. 
Preservatives allow alfalfa to be baled at greater than 25% 
moisture without a decline in quality of the hay due to mold or 
head damage during storage. At present there are literally hundreds 
of "hay preservatives" on the market. Farmers have been confused 
by this sudden deluge of "preservatives" available to them. These 
include bacterial inoculants, anhydrous ammonia and organic acids. 
While all of these products claim to help preserve hay, few actually 
dO more than give one a false sense of security. 
Bacterial Inoculants 
There are numerous bacterial inoculants which claim to preserve 
hay. There has been no scientific evidence to prove inoculants 
are effective in preserving hay. To preserve hay, inoculants must 
inhibit mold growth. Most bacterial inoculants claim to inhibit 
mold grm.rJth by producing propionic acid, an effective mold in-
hibitor. However, when hay is baled at 20 to 40% moisture there 
is i)ot enough moisture present to encourage rapid growth of these 
ba¢teria. The propionic acid produced falls well short of the 
.lO'to 30 pounds of propionic acid per ton needed to inhibit molds. 
'U.fit'il evidence to the contrary is presented, bacterial inoculants 
C:ai:filot be recommended as hay preservatives. 
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Anhydrous Ammonia 
Anhydrous anuuonia is a product which has been used with some 
success as a hay preservative. Purdue workers reported that 
ammonia applied at 20 lbs. per ton to alfalfa hay baled at 32% 
moisture increased crude protein from 18.8 to 23.8% and prevented 
molding. Low levels of acid detergent insoluble nitrogen indicated 
that heating was minimized. Current recommendations are to apply 
anhydrous ammonia at rates of 1.0- 2.0% (20-40 lb./ton) to hay 
containing greater than 25% moisture and to enclose bales or stacks 
in plastic. Because it can burn the skin and is potentially toxic, 
it should be used with caution. 
The use of anhydrous ammonia for preservation of alfalfa hay 
in Kentucky may be limited by its availability, cost and the need 
for special equipment. The primary purpose of a preservative for 
alfalfa is to prevent mold and heating-not increase protein content. 
The additional protein from ammoniated alfalfa hay will not be 
utilized as well as the increased protein from ammonia treatment 
of other forages such as corn silage. 
Recent reports of "crazy cattle syndrome" in cattle consuming 
high quality forage treated with anhydrous ammoni.a have caused 
concern. It appears that anhydrous ammonia is safe to use on low 
quality forages; however, caution should be used with anhydrous 
ammonia on high quality forages such as alfalfa. Farmers should 
be advised of the possible dangers of using anhydrous ammonia on 
these high quality forages. 
Organic Acids 
The two most common commercially used organic acids are sodium 
diacetate and propionic acid. Host research with sodium diacetate 
has shown it to be ineffective at preserving hay, especially when 
used at commercially recommended rates. Propionic acid has been 
found to be an effective mold inhibitor when used in adequate amounts. 
Wisconsin and Haryland workers showed that hay baled at about 
30% moisture and treated with 1.0 to 1.5% (20-30 lbs/ton as baled) 
propionic acid could be stored with very little mold or heat damage. 
Purdue University research (Table 1) showed that propionic acid 
applied at l% by weight to hay baled at 32% moisture prevented heat-
ing. However, hay treated with propionic acid at rates of 0, .02, 
0.2 and 0.5 percent became heated and had greater losses in dry 
matter than the 1% treated hay. English researchers have suggested 
propionic acid be applied at the rate of 3% of the water present in 
the hay. Therefore, hay containing 25% moisture (500 lb. of water 
per ton) would require 15 pounds of propionic acid per ton. There 
are "preservatives" on the market which contain less than 20% acid 
and recommend using less than 5 pounds of product per ton of hay. 
Five pounds of a product containing 20% acid would only supply one 
pound of propionic acid. This is not enough propionic acid to pre-
vent mold growth. These products should not be recommended for use 
as hay preservatives. 
Table 1. 
Treatment 
Control 
Storage Losses and 
ture) Treated with 
Max. 
storage 
temp. 
124 
Propionic acid 
0.02% 127 
115 
104 
0.2 % 
0.5 % 
1.0% 84 
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Composition of Alfalfa Hay (32% Mois-
Different Rates of Propionic Acid.l 
In vitro 
Dry 
weight 
loss 
dry matter 
digestibility Total 
( IVDDM) -~~.=C.=ac.::r.::b..:.o.:.:hLy:::d.:or:::a..:.t.::e:::s 
----·---------- % -------------------
15 .l 
16.7 
13.2 
11.7 
7.6 
60.5 
61.8 
62.2 
61.0 
65.0 
3.4 
3.1 
3.9 
4.1 
6.5 
lHay at harvest was 70.5% IVDDM 
Table 2 gives suggested rates of application for preservatives 
containing at least 75% propionic acid. There is at least one pro-
duct on the market which contains over 75% propionic acid. When 
used at the rates given in the table it should be an effective hay 
preservative. 
Table 2. Recommended Rates for Applying Organic Preservatives (>75% 
-----------~P~r~ce£Jp_ionic ..:.A~c~i~d~)--------~-----
Rate 
Hay ~oisture lev~---~--· 
------- % --------
20-25 
25-30 
30-35 
Recent Study _"c_t ___ Kentucky_ 
dry wt. basis 
----- % -----
0.5 
1.0 
1.5 
lb/ton 
10 
20 
30 
In a recent study at the University of Kentucky, third cutting 
alfalfa was allowed to field dry to approximately 25% moisture and 
was treated with two connnercially available preservatives or left 
untreated (control). A preservative containing 10% propionic acid 
(Treatment A) was applied at 6 pounds per ton of hay (manufacturers 
recommendations are 4 pounds per ton). The second preservative, 
containing 80% propionic acid and 20% acetic acid (Treatment B), 
was applied at 20 pounds per ton. Temperature probes were inserted 
to monitor temperature changes. Each treatment \vas sampled periodi-
cally for mold and bacterial growth. 
Results for mold and bacterial growth can be seen in tables 3 
and 4. Total bacteria and yeast and mold counts were consistently 
lower for Treatment B than for Treatment A and control except for 
days 6 and 14. (Sampling error is suspected on both days). Mold 
and yeast counts were very low for Treatment B, except for days 6 
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and 14. Visual observations of hay after day 14 found tremendous 
mold growth on control and Treatment A hay and no apparent mold 
on Treatment B hay. 
Table 3. Total Bacterial Counts (Log CFU/g) ~~~~----------------~ 
Day Control 
1 7.34 
3 7. 06 
4 6.90 
6 4.69 
8 4.81 
14 6.10 
lProduct contains 10% propionic 
2Product contains 80% propionic 
Table 4. Yeast and Mold Counts 
··-----------------
Day Control 
------~---·---
1 5.63 
3 1,. 6 7 
4 3.81 
6 6.48 
8 3.95 
14 6.75 
··r-·----------------------
Product contains 10% propionic 
2Product contains 80% propionic 
Treatment A1 Treatment 
6.95 5.75 
6.75 6.40 
6.97 4.75 
7.04 6.51 
6.76 4.26 
7.48 6.85 
--
acid and other ingredients 
acid and 20% acetic acid 
(Log CFU/g) 
Treatment A1 Treatment 
5.32 <3 
4.86 2.48 
4.87 l. 70 
5. 69 4.75 
5.35 l. 70 
7.00 5.37 
acid and other ingredients 
acid and 20/~ acetic acid 
B2 
B2 
Temperature results follow similar patterns to mold and bac-
terial growth (Table 5). Temperatures were consistently lower 
for Treatment B hay with no apparent temperature differences 
between control and Treat.ment A hay. 
])ay Control 
------··--"·-···- -~---
l 40.5 
3 33.2 
6 39.3 
9 43.8 
12 47.1 
15 45.7 
17 45.2 
1----------------------------------Product contains 10% propionic 
2Product contains 80% propionic 
Treatment A1 Treatment 
40.0 36.0 
33.3 31.8 
33.3 26.0 
42.3 25.3 
46.7 27.5 
45.7 29.1 
45.6 28.3 
acid and other ingredients 
add and 20% acetic acid 
B2 
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Results indicate Treatment B (80% propionic, 20% acetic acid) 
was effective in inhibiting bacterial and mold growth in moist 
hay and preventing hay from heating. Treatment A (10% propionic 
acid) was not different from control~ These results are consistent 
with published research that indicate propionic acid is an effec-
tive hay preservative when applied at proper rates. Propionic 
acid applied at lower than recommended rates is ineffective as a 
hay preservative. 
